Their chromosome number ranged from 22 to 96, and 16 of thern had 48 chromosomes. These plants produced fertile seeds by self-pollination. When plants derived from self-pollinated seeds were inoculated with PVY, resistant and susceptible plants were observed. Of the plants derived from the most resistant mutant in the haploid generation, about 50% was resistant to PVY.
Introduction
Potato virus Y (PVY) causes severe damage in solanaceous plants including tobacco. This virus is highly variable and induces different disease reactions in the host genotypes (Gooding, 1985) . In Japan, three strains had been known (Yamamoto and Sato, 1982) . A strain called PVY-C2 induces a vein-banding symptom without necrosis and the other two strains, PVY-YSS and PVY-A1, induce chlorotic spots on the infected leaves. Furthermore, in 1971, another strain, PVY-T, causing severe brown-rib or veinal necrosis, was found in tobacco plants (Udagawa and Tomaru, 1972; Tsuzaki et al., 1978; Yamamoto and Sato, 1982) . Several tobacco varieties, Virgin-A Mutante. Perevi, Havana 307, Enshu and a germplasm line Okinawa I are resistant to PVY. Resistance to PVY-N and PVY-T in Virgin-A Mutante is controlled by a single recessive gene induced by X-irradiation (Koelle, 1961; Yamamoto and Sato, 1982) . However, in resistant plants, Iow yield, poor quality of leaves and the inability to produce leaf surface exudate were reported (Burk and Chaplin, 1980; Nielsen et al., 1982; Komari et al. , 1986) . Evans et al. (1984) reported gametoclonal variation in regenerated plants obtained by anther culture. This source of variability could be of potential value in crop improvement (Schnell and Wernsman, 1986) . PVY-resistant haploid plants were obtained by anther culture and chromosome duplication (Witherspoon et al. , 1991) , and their resistance gene was different from that of Virgin-A Mutante (Yung et al., 1991) . Furthermore, anther culture has been used in combination with mutagen treatment (Mondeil, 1974; Medrano et al., 1986; Kinoshita et al., 1989; Hasegawa et al., 1995) . We have already obtained PVY-T resistant haploid mutants by the combination treatment of ion beam exposure and anther culture (Hamada et al., 1999) . In the present study, we perfouned chromosome duplication and obtained resistant doubled haploid plants. 
Chromosome observation
Numbers of chromosomes in root tips and chromosome pairing in pollen mother cells (PMCs) of regenerated plants were determined. Three to 10 root tips were collected from 35 plants obtained, with BAP, the callus surface turned a greenish color and adventitious buds were induced, resulting in multiple shoots (Fig. IB) . Then, most of them turned brown or pale yellow on the medium for root formation and died. Consequently, we obtained 32 and 3 plants regenerated on the medium supplemented with IAA and kinetin, and BAP, respectively.
The chromosome number in root tip cells of regenerated plants ranged from 22 to 96 (Fig. 2) , as shown in Table 2 . Although aneuploidy and poly- and 89.5%, respectively. In the present study, the frequency of doubled haploids was much lower than this.
Twenty-nine out of 35 regenerated plants flowered. Most of them showed a pollen fertility of over 90%, but some doubled haploids had a pollen fertility lower than 80%. In He-1001-6, where cells with 45 and 48 chromosomes were observed in root tips, the pollen fertility was 17.7%. In PMCS of this plant, cells with 24 bivalents (Fig. 3A) , Iagging chromosomes ( Fig. 3B and C) , and tetrads with empty microspore(s) (Fig, 3D) were observed. Table 3 shows the results of self-pollination in 29 flowering plants. Seed fertility was completely recovered in all doubled haploids except He-0509-1 and -2. Even plants with aneuploidy cells, e. g. He-1001-1 and -2, and C-1002-7, produced 3( 7( o( o( o( o( 9( o( o( 75 .o) 30.0) yellow. Necrotic symptoms were observed over the entire area of the leaves and stem (Fig. 4) 
